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COLD OR HEAT ACCUMULATOR AND PROCESS FOR ITS MANUFACTURE 

Background of the Invention 

Field of the Invention 

[0001] The invention relates to a cold and/or heat accumulator with a plurality of 

carrier elements which are charged with a cold or heat storage medium, and with a heat 
exchanger which is designed to have a heat transfer medium flow through it in order to cause 
heat exchange between the cold or heat storage medium and the heat transfer medium. 
Furthermore, the invention relates to a process for producing a cold and/or heat accumulator. 

Description of Related Art 

[0002] Cold and/or heat accumulators can be used, for example, in conjunction with 

climate control of motor vehicles, especially for auxiliary climate control. A cold and/or heat 
accumulator is known, for example, from published European Patent Applicatioii EP 0 914 
399 BL In this publication, it has already been suggested that heat exchange between the 
cold and/or heat storage medium and the heat transfer medium be effected either by heat 
exchanger plates or by pipes. In the embodiment which uses heat exchanger plates, it is 
provided that the carrier elements which are charged with the cold or heat storage medium 
are arranged in a plate-shape with boundary walls, flow of heat transfer medium being 
provided between the boundary walls. In the embodiment which uses pipes, it is provided 
that a carrier element which is charged with the cold or heat storage medium is penetrated by 
a tube bundle which discharges into common feeds and outlets. 

Summary of the Invention 
[0003] The primary object of the present invention is to develop a cold and/or heat 

accumulator and a production process such that improved heat exchange properties between 
the cold or heat storage medium and the heat transfer medium result and an economical and 
compact structure is achieved. 
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[0004] This object is achieved by the cold and/or heat accumulator in accordance with 

the invention having a heat exchanger with at least one serpentine hollow section, at least 
between some of the loops of which there being at least one respective carrier element. The 
preferably aluminum serpentine hollow section, relative to its overall dimensions, has a very 
large surface via which heat exchange occurs between the cold or heat storage medium and 
the heat transfer medium. In addition to the large surface, the serpentine shape also yields a 
long flow section for the heat transfer medium; this likewise has an advantageous effect on 
the heat exchange properties. 

[0005] In one especially preferred embodiment of the cold and/or heat accumulator in 

accordance with the invention, it is furthermore provided that the height of the carrier 
elements is matched to the interval of the serpentines such that there is a force-fitted 
combination of the serpentine hollow section and the carrier elements. The force-fitted 
combination is enabled by the spring-elastic properties of the serpentine hollow section. In 
this way outstanding heat transfer properties can be achieved with a simple structure. 
[0006] Preferably, in the cold and/or heat accumulator in accordance with the 

invention, it is provided that there are several serpentine hollow sections located next to one 
another. 

[0007] Although this is not absolutely essential, in this connection it is furthermore 

preferred that the individual serpentines of the serpentine hollow sections which are located 
next to one another run essentially parallel to one another. One such structure makes it 
possible in particular for a carrier element to be located between two serpentines of several 
serpentine hollow sections at a time. 

[0008] Furthermore, in the cold and/or heat accumulator in accordance with the 

invention, it is preferably provided that one end segment of the serpentine hollow section is 
used as the inlet of the heat transfer medium and the other end segment of the serpentine 
hollow section is used as the outlet of the heat transfer medium. 

[0009] In this connection, one advantageous development of the cold and/or heat 

accumulator in accordance with the invention calls for there to be several serpentine hollow 
sections, of which one end segment at a time is connected to the common inlet of the heat 
transfer medium, the other end segment at the time being connected to a common outlet of 
the heat transfer medium. This approach makes it possible for the heat transfer medium to 
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flow in parallel through several serpentine hollow sections. The number of serpentine hollow 
sections used can be chosen depending on the desired flow rate of the heat transfer medium. 
[0010] In preferred embodiments of the cold and/or heat accumulator in accordance 

with the invention, it is furthermore provided that it has a housing in which there are at least 
carrier elements which are charged with the cold and/or heat storage medium and the heat 
exchanger. The housing can be made cuboidal for example, preferably a cuboidal surface 
being made as the housing cover. The housing can be produced fundamentally from any 
suitable material, but preferably has good heat insulation properties in order to minimize heat 
exchange between the cold or heat storage medium and the vicinity of the housing, 
[0011] In this connection, it can furthermore be advantageously provided that at least 

some intermediate spaces are foamed between the housing and the carrier elements charged 
with the cold and/or heat storage medium and the heat exchanger. Foams can be, for example, 
PU foams. Foaming not only improves the insulation properties, but furthermore leads to the 
desired vibration attenuation. Depending on the embodiment, the foams can fiirthermore 
define the location of the combination of the heat exchanger and the carrier elements within 
the housing. 

[0012] In especially preferred embodiments of the cold and/or heat accumulator in 

accordance with the invention, it is furthermore provided that the carrier elements are formed 
by one or more plates, especially by graphite plates. 

[0013] Furthermore, it is preferred that the cold or heat storage medium is a phase 

changing material, for example, water or paraffin. Of course, also other phase changing 
materials which are well known to one skilled in the art can be used. 

[0014] Furthermore, in one preferred embodiment of the cold and/or heat accumulator 

in accordance with the invention, it is provided that, between the carrier elements and the 
heat exchanger, there is corrosion protection at least in sections. The corrosion protection 
prevents contact corrosion between the preferably aluminum heat exchanger and the carrier 
elements which are charged with the cold or heat storage medium and which can be 
especially a water-filled graphite matrix. The corrosion protection can be, for example, 
plastic jacketing of the carrier elements and/or a surface coating of the heat exchanger. But 
other embodiments are also conceivable in which corrosion protection can be abandoned, for 
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example, embodiments in which the heat exchanger or the serpentine hollow sections are 
made of plastic. 

[0015] The process in accordance with the invention for producing a cold and/or heat 

accumulator, especially a cold and/or heat accumulator in accordance with the invention, 
comprises the following steps: 

a) fabrication of carrier elements and charging of the carrier elements with a 
cold and/or heat storage medium, 

b) fabrication of a heat exchanger which comprises at least one serpentine 
hollow section, and 

c) joining of the carrier elements and the heat exchanger by the following steps: 
cl) Application of a force for elastic enlargement of the distance between 

at least two serpentines, 

c2) Arrangement of at least one carrier element in the enlarged interval 
between two serpentines, and 

c3) Removal of the force. 
[0016] This process can be carried out comparatively easily, and thus economically, 

and yields a cold and/or heat accumulator which has outstanding properties for heat exchange 
between the cold or heat storage medium and the heat transfer medium due to the serpentine 
configuration of the heat exchanger. Otherwise, the process in accordance with the invention 
yields the advantages explained using the cold and/or heat exchanger in accordance with the 
invention in the same or similar manner, for which reason reference is made to the 
corresponding statements to avoid repetitions. 

[0017] The same applies in a general sense to the following preferred embodiments of 

the process in accordance with the invention, also with respect to the advantages which can 
be achieved by these developments reference being made to the respective corresponding 
explanations in conjunction with the cold and/or heat accumulator in accordance with the 
invention. 

[0018] In especially preferred embodiments of the process in accordance with the 

invention, it is provided that, in the implementation of step a) and/or of step b), the height of 
the carrier elements is matched to the distance of the serpentines such that, after carrjdng out 
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step c), there is a force-fitted combination of the serpentine hollow section and the carrier 
elements. 

[0019] Furthermore, the process in accordance with the invention relates to 

embodiments in which it is provided that fabrication of the carrier elements according to step 
a) comprises cutting to size and optionally stacking of one or more carrier material plates, 
especially of one or more graphite plates. 

[0020] In the process in accordance with the invention it is furthermore provided that 

a phase changing material, for example water or paraffin, is used as the cold or heat storage 
medium. 

[0021] Furthermore, it is regarded as especially advantageous if the process in 

accordance with the invention has several serpentine hollow sections located next to one 
another. 

[0022] In this connection, one preferred development of the process in accordance 

with the invention calls for the individual loops of the serpentine hollow sections which are 
located next to one another to be located essentially parallel to one another. 
[0023] In general, in the process in accordance with the invention, it is preferred that 

one end segment of the serpentine hollow section is made as the inlet of the heat transfer 
medium and the other end segment of the serpentine hollow section is made as the outlet of 
the heat transfer medium. In doing so, it can be especially provided that there are several 
serpentine hollow sections, of which one end segment is connected to the common inlet of 
the heat transfer medium, and the other end segment is connected to the common outlet of the 
heat transfer medium. 

[0024] In one preferred development of the process in accordance with the invention, 

it furthermore comprises the following additional step of: 

d) providing a housing and inserting the carrier elements which are charged with 
the cold or heat storage medium and the heat exchanger which has been joined to them into 
the housing. 

Here, it is considered advantageous if, in addition, there is the following step of: 

e) foaming of at least some intermediate spaces between the housing and the 
carrier elements which have been charged with the cold or heat storage medium or the heat 
exchanger. 
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[0025] Furthermore, it is especially preferred that, before carrying out step c), there is 

corrosion protection is provided at least in sections between the carrier elements and the heat 
exchanger. 

[0026] Preferred embodiments of the invention are explained below by way of 

example with reference to the accompanying drawings. 

Brief Description of the Drawings 
[0027] Figure 1 is a schematic perspective view of one embodiment of the cold and/or 

heat accumulator in accordance with the invention which can be produced by the process in 
accordance with the invention; 

[0028] Figure 2 is a flow chart which illustrates the steps of one embodiment of the 

process in accordance with the invention with which the cold and/or heat accumulator as 
shown in Figure 1 can be produced; 

[0029] Figure 3 shows a schematic which illustrates the implementation of steps cl) 

and c2) of the process in accordance with the invention; and 

[0030] Figure 4 is a schematic illustration of the arrangement of the carrier elements 

within a serpentine hollow section for the cold and/or heat accumulator as shown in Figure 1, 
this arrangement arising after the implementation of step c3) of the process in accordance 
with the invention. 

Detail Description of the Invention 
[0031] Figure 1 shows a schematic of one embodiment of the cold and/or heat 

accumulator in accordance with the invention which can be produced by the process in 
accordance with the invention. The cold and/or heat accumulator shown has a housing 26 in 
which there are the heat exchanger 1 2 and several carrier elements 1 0 in the form of graphite 
plates. The housing 26, in practice, is closed by a housing cover which is not shown. 
Furthermore, in the area of the heat exchanger 12 which is on the right in Figure 1, for 
illustration of the stmcture of the heat exchanger 12, the carrier elements 10 have been 
omitted, although in practice there are also carrier elements 10 in the right-hand area of the 
heat exchanger 12. The heat exchanger 12, in this case, has seven serpentine hollow 
sections 14 which are located next to one another such that the individual loops 16 of the 
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serpentine hollow sections 14 run parallel to one another. Each of the serpentine hollow 
sections 14 has an end segment which is used as the inlet of the heat transfer medium and an 
end segment which is used as the outlet of the heat transfer medium, one end segment each of 
of the serpentine hollow sections 14 being connected to the common inlet 22 for the heat 
transfer medium, while the other end segment of each of the serpentine hollow sections 14 is 
connected to a common outlet 24 for the heat transfer medium. Although this is not shown, 
intermediate spaces between the housing 26 and the heat exchanger 12 or the carrier 
elements 10 are preferably filled with foam, in practice. 

[0032] Figure 2 shows a flow chart which illustrates one possible embodiment of the 

process in accordance with the invention, with which the cold and/or heat accumulator as 
shown in Figure 1 can be produced. In the embodiment shown, graphite plates are used as 
the carrier elements 10, for which reason graphite plate fabrication takes place in step SI. 
For this purpose, graphite plates are cut to size and layered into packets according to the size 
of the carrier element 10 which is to be produced. 

[0033] In step S2, the graphite plates are charged with a cold or heat storage medium, 

for example, with water or paraffin, hereafter referred to a thermal storage medivim. The 
graphite plate packets are filled in a vacuum in order to accelerate saturation of the graphite 
plate packets with the thermal storage medium. To safeguard the process, the graphite plate 
packets are weighed before filling. The thermal storage medium is preferably supplied via a 
metering unit depending on the size of the current graphite plate packets being filled. 
Altematively, it is possible to work without a special metering unit if intentional overfilling is 
carried out, i.e., for example, saturation of the graphite plate packets with thermal storage 
medium of more than 85%. In this case, exact filling is ensured via a downstream drying 
process. In doing so, the filled graphite plate packet is dried, for example, with hot air as it is 
continuously weighed until the total weight corresponds to the desired degree of filling. 
[0034] The steps SI and S2, which are shown in Figure 2, thus correspond to process 

step a) mentioned above. 

[0035] The steps S3 to S6 shown in Figure 2 illustrate one possibility for 

implementing process step b). 

[0036] In step S3 mechanical production of the heat exchanger 12 fi-om an aluminum 

hollow section takes place. For this purpose, the section is withdrawn fi-om a coil and 
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calendered. Afterwards, the calendared section passes through a bending machine to 
producing the required serpentine loops 16. At the end of the bending process, the section is 
cropped to size and the ends 18, 20 are worked for a subsequent brazing process by 
embossing. 

[0037] In step S4, brazing of the heat exchanger 12 takes place, for example, by a 

CAB process. To do this, the heat exchanger 12 is prefabricated in a vise, i.e., the serpentine 
hollow section is joined to a brazing filler metal-coated and flux-coated distributor pipe and 
brazing filler metal-coated end caps for the distributor pipe and a brazing filler metal-coated 
fitting which is intended for the line connection, and they are braced to one another. Then, 
the brazing takes place in a fiimace at roughly 600^ C in a predominant nitrogen atmosphere. 
[0038] In step S5, a tightness test of the heat exchanger 12 is carried out. After 

brazing and cooling of the heat exchanger 12, this tightness test is carried out according to the 
DIN with helium, or altematively with hydrogen, as the test gas. The heat exchanger 12 is 
placed in a chamber with helium or hydrogen detectors and flooded with the corresponding 
test gas. The amoxmt of test gas emerging fi*om the heat exchanger 12, and thus the tightness, 
can be ascertained via the detectors. 

[0039] In step S6, the heat exchanger 12 is provided with corrosion protection. The 

corrosion protection is used to prevent contact corrosion between the aluminum heat 
exchanger 12 and the filled graphite matrix. Corrosion protection is provided in the form of a 
surface coating of the heat exchanger 12, a powder coating or enameling using the KTL 
process being possible. Altematively, the filled graphite matrix can be jacketed, for example, 
with a plastic film. Both single-layer and also multi-layer jackets are possible for increasing 
the water vapor impermeability. 

[0040] Step S7, which is shown in Figure 3, corresponds to the above described 

process step c) and can be designated pre-installation of the cold and/or heat accumulator. 
First, the carrier elements 10 or the filled graphite plate packets and the heat exchanger 12 are 
joined to one another. For this purpose, the serpentine loops 16 of the heat exchanger 12, in 
the elastic area, are widened with application of a force F, i.e., the distance a between the 
individual serpentine loops 16 is increased in order to be able to place the individual carrier 
elements 10 between the serpentines 16 of the heat exchanger 12. Here, the carrier 
elements 10 or the graphite plate packets have an overdimension, i.e., the height h of the 
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packets is larger than the radius of the section bends. After placing the carrier elements 10 
between the serpentine loops 16, the force F which is present is removed and the serpentine 
loops 16 spring back toward their original position. In this way, a force-fitted connection 
between the heat exchanger 12 and the individual carrier elements 10 is achieved. Then, 
according to the process step d), the carrier elements 10 charged with the cold or heat storage 
medium and the heat exchanger 12 joined to them are placed, oriented in position, into the 
housing 26 in order to be mounted there. 

[0041] Step S8, which is shown in Figure 2, corresponds to the process step e) and 

can be designated the foaming of the cold and/or heat accumulator. It is pointed out here 
that, as an alternative to the procedure described here, embodiments are also possible for the 
process in accordance with the invention, in which the combination of the carrier elements 1 0 
and the heat exchanger 12 is peripherally foamed before insertion into the housing. In any 
case, the peripheral foaming is used to damp vibrations and to insulate the cold and/or heat 
accumulator, the peripheral foaming being carried out preferably such that the carrier 
elements 10 or the graphite plate packets and the heat exchanger 12 are jacketed uniformly 
with a pol5airethane (PU) foam. This can be achieved especially by a two-part foaming 
process. Especially to avoid spaces in the housing or alternatively in the foaming tool, during 
a pre-foaming process of one cuboidal side of the housing, PU foam can be introduced in a 
defined manner. In this way, the combination of the carrier elements 10 and the heat 
exchanger 12 in the housing 26 or in the foaming tool is lifted to the final position. In a 
downstream finish-foaming process, the remainder of the housing 26 or foaming tool is 
foamed. 

[0042] According to Figure 2, in step S9, the finish-mounting of the cold and/or heat 

accumulator takes place, in this step additional attachment parts being mounted. Furthermore 
sensors are attached and a cable hamess is installed. 

[0043] In step SIO, testing of the basic electrical functions is done as a conclusion, the 

cold and/or heat accumulator being checked for whether the electrical wiring is correct and 
the sensors work properly. 

[0044] To carry out the process in accordance with the invention, especially diverse 

handling means and the following machines or systems can be used: 
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a filling machine which comprises the vacuum pump for filHng the carrier 
elements 10 with the cold or heat storage medium, 

a special machine for aligning, bending, cropping and end- working of the heat 

exchanger 12, 

a brazing furnace with a nitrogen chamber, 
a test chamber for the tightness test with helium or hydrogen, and 
a PU foaming machine with a foaming tool which is specific to the workpiece. 
[0045] Figure 3 schematically illustrates the execution of steps cl) and c2) of the 

process in accordance with the invention. In doing so, the ends 18, 20 of the serpentine 
hollow section 14 are pulled apart by a force F such that the distance between the serpentine 
loops 16 is increased to an enlarged distance a\ Then, the carrier elements 10 are inserted 
between the individual serpentine loops 16, the carrier elements 10, with respect to their 
height h having a certain overdimension relative to the distance a which results between the 
serpentine loops 16 in the rest position when the force F is removed (Fig. 4). 
[0046] Figure 4 schematically shows the arrangement of the carrier elements 10 

within a serpentine hollow section 14 for the cold and/or heat accumulator as shown in 
Figure 1, this arrangement arising after carrying out the step c3) of the process in accordance 
with the invention. After removing the force F, the serpentine hollow section 14 and the 
carrier elements 10 which are located between its serpentine loops 16 form a combination 
which yields outstanding heat transfer properties for heat exchange between the cold or heat 
storage medium which is provided in the carrier elements 10 and the heat transfer medium 
which is supplied to the end segment 18 of the serpentine hollow section 14 and is discharged 
on the end segment 20 of the serpentine hollow section 14. 

[0047] The features of the invention disclosed in the aforementioned description, in 

the drawings and in the claims can be important both individually and also in any 
combination for implementation of the invention. 



